1)

2) The numerical ratings for each of the four factors were
summed for each of the dominant soil series and/or phase found
in the mapplng unit and multiplied by the percentage of the
entire mapping unit that each soil series and/or phase
occupies. These values were then summed over all soils in the
map unit. This is illustrated in the table below.

SOIL SERIES % PERM. DEPBDRK DEPWATR FLDFRED RATING

Newdale 24 * (2 + TR 8 + L= 380

Wheelerville 15 * (20 + 8 + a + o) = 420

FRexburg 57 % (8 '+ 1 + 0 + 0)=8= .513

TOTAL 96% 1293
pts

3) The summed wvalue (1293) was then normalized for the
percentage of scils in the map unit used in the calculation
(96%). In this case, 1293 would be divided by 96 to come up
with a weighted soils susceptibility rating of 13 points for
that STATSGO soils unit.

The weighted score for each STATSGO mapping unit was then
multiplied by three to determine the final soils
susceptibility rating. This gives a maximum possible rating
of 120 points (although scores did not exceed 100 points),
giving the soils layer a maximum relative importance of 2.4
times over the other two layers. The soils layer received a
great r weighting because the soils layer incorporates more
than one criteria which determine susceptibility assessment
(permeability, depth to bedrock, depth to water-table, and
flooding fregquency), whereas the depth-to-water and recharge
layers only rate one criteria (Mike Ciscell, former Remote
Sensing Analyst, IDWR, perscnal communication, January, 1991).

VULNERABILITY MAP
Development of the Vulnerability Map

The Ground Water Vulnerability map (Figure 6) was generated
by merging the three maps (depth-to-water, recharge, and
solls) into one map using GIS techniques. The point ratings
from each map were added together to create a final map with
additive wvulnerability point scores.

The wvulnerability map was then broken inte low, moderate,
high, and very high wvulnerability categories. The division
points for these categories were derived by graphing the
relationship of total acres versus total wvulnerability score
(Figure 7). The +top ten percent with +the highest
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vulnerability ratings

were placed intc the DISTAIBUTION OF VULMEAABILITY RATIMNGS
very high vulnerability = T AN e

class to reduce the

skewness of the =k

distribution. The "o |-

remaining distribution
was then divided equally % e

into thirds, with a o3
final breakdown of 30% =
low, 30% = moderate, 30% o

= high, and 10%=very
high (Figure 8). This
is a first approximation .
at splitting out the
categories which will be
refined in the near Figure e 5 Graph showing the
future after comparison distribution of relative
of the wvulnerability wvulnerability ratings versus total
maps to ground water acres within the Snake River Plain.
monitoring data.

1 ]
VLLMERANILITT AATING Coedreal

Uses of Vulnerability Maps.

The vulnerability

maps are designed to VULNERABIL ITY CATEGOAT DISTRIBUT ION
serve as a tool for . m:-ﬂu:'::::w 1w
prioritization of {ov v e Mg
ground water S

management al

activities. Areas of
higher wvulnerability
can be given priority
for prudent ground
water protection
measures in order to 1
assure that limited

AES
ML | by
U]

resources are

effectively wused in i Mmpa Emmse B mpe e fS
areas of greatest PANSEILITY PRTHG (Bt

concern. Frograms

which can utilize Figure 8: Graph showing the
vulnerability maps distribution of vulnerability
include wunderground categories within the Snake River
storage tanks, Plain.

wellhead protection,

ground water

monitoring, public water supplies, agricultural chemicals,
waste water management, best management practice (BMP)
implementation and development, hazardous waste management,
state and federal superfund programs, land use planning, State
underground tank insurance agencies, and public information.
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The wulnerability maps also provide a wvaluable data base
resource for future studies. Since the maps were developed
on a GIS, all information can be readily accessed, and
addltlonal information can be added to them. The 1ndlv1dual
map layers on soils, depth- to-water, or recharge can be
utilized by any other project requiring similar information.
The vulnerability maps can also be merged with, compared to,
or utilized by any other GIS data laver to perform a varlaty
of analyses.

Vulnerability maps provide a very cost effective approach to
the management of ground water quality activities. The cost
of producing these maps are a fraction of the cost to clean
up contaminated ground water resources. Their benefits for
ground water guality protection far outweigh their initial
cost of production.

Limitations of Vulnerability Maps

The wvulnerability maps described in this document highlight
areas sensitive to ground water contamination in a generalized
way. Because of the scale of mapping (1:250,000 for soils and
depth-to-water layers, 1:100,000 for the recharge layer) that
was incorporated in the develapmant of these maps, they should
be used for regional program planning purposes only, and
should not be used for making site specific decisions such as
whether to site a landfill in a particular location. For
1n5tance, there could be smaller areas of high wvulnerability
within low vulnerability areas and vice versa. The maps can
be used as a first-cut approximation of the wvulnerability of
certain areas, but more in-depth studies must be performed for
site- sp&cific applications.

These maps do not show areas that will be contaminated, or
areas that cannot be contaminated. Likewise, these maps do
not show if a particular area has already been contaminated.
Whether the area will have ground water contamination depends
upon the likelihood of contaminant release, the type of
contaminants released, and the frequency of that release.
These maps only consider the ability of water to move from
the land surface to the water table and do not consider the
individual characteristics of specific contaminants.

Users of these maps should Xeep in mind that a 1low
vulnerability rating is not an invitation for uncontrolled
land-use practices. A low vulnerability rating merely
suggests that there is a lower chance of ground water
contamination than in areas of higher vulnerability. Just
about any ground water resocurce can be contaminated if it is
subjected to improper land use practices, The use of
substances such as a restricted-use pesticide in a low
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vulnerability area should only be done under the oversight of
an effective ground water monitoring program to assure that
the substance 1is not adversely affecting ground water
resources.

FUTURE GOALS

Btatewide Mapping

A primary goal of the Idaho Ground Water Vulnerability Project
is to develop a statewide map. Accordingly, mapping of the
existing layers will be expanded on a statewide basis as much
as funding levels and data availability allow. 1In this way,
the affected programs can be addressed on a statewide basis
as soon as possible.

Pilot Projects

Additional layers incorporating data not previously evaluated
will be mapped by the Idaho Ground Water Vulnerability Project
on a pilot project scale in the near future. This will help
determine whether additional data layers can be developed on
a cost-effective basis to further refine the wvulnerability
maps. Possible projects include an updated land-use layer,

- a vadose-zone layer, an updated recharge layer based on

consumptive use, or other DRASTIC data layers that have not
been developed yet.

Field Verification

Field verification is an important aspect to developing ground
water vulnerability maps. Field verification is performed by
overlaying known ground water gquality data on the
vulnerability maps and observing whether there is a
correlation. After taking local ground water flow directions
into account, the majority of contamination problems should
be located in areas marked as high or very high vulnerability.
Figure 9 shows an initial comparison of the vulnerability map
for the Snake River Plain to ground water monitoring data
collected by Idaho’s Statewide Ground Water Monitoring Project
during the summer of 1990. In this studr, 52 wells were
sampled in the Snake River Plain, and out cf those wells 13
had anomalous detections of triazine herbicides, VOCs, and
nitrates. All wells that had anomalous levels of cuntaminants
were located in high or wvery high wvulnerability categories,
or in urban areas which were not rated by this study.
Although this is not a statistically-valid comparison, it
certainly 1lends credibility to the vulnerability maps.
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Initial comparisons with other monitoring data also show good
correlations. Additional comparisons will be made in the near
future to form statistically-valid interpretations of the
effectiveness of the maps. Comparison studies with monitoring
data will be an ongoing element in refinement of the
vulnerability maps. The point rating schemes may be adjusted
in the future in response to this comparison with ground water
monitoring data after the results from the statistically-wvalid

studies.

23



REFERENCES CITED

Aller, L., Bennett, T., Lehr, J.H., and Petty, R.J., 1985,
DRASTIC--A standardized system for evaluating ground water
pollution potential using hydrogeoclogic settings: Robert s.
Kerr Environmental Research Laboratory, Office of Research and
Development, U.S. Environmental Protection Agency,
EPA/600/2-85/018, 163 p.

Brady, N. €., 1974, The nature and property of soils: Macmillan
Publishing Co., inc. &39p.

Caicco, S. L., Ciscell, M., in press, Actual vegetation map of
Idaho: unpubllshed map manuscript, Idaho Department of Water
Resources.

Dunlap, L.E., and Spinazola, J.M., 1984, Interpolating water-table
altitudes in west-central Kansas using kriging techniques:
U.S. Geological Survey Water-Supply Paper 2238, 19 p.

Lindholm, G.F., 1986, Snake River Plain regional aquifer-system
study, in Sun, Ren Jen, ed., Regional aquifer-system analys;s
program of the U.S. Gealcglcal Survey, summary of projects,
1978-84: U.S. Geoclogical Survey Circular 1002, p. 88-106, 259-
261.

Lindholm, G.F., Garabedian, S.P., Newton, G.D., and Whitehead,
R.L., 1988, Configuration of the water table and dapth to
water, sprlng 1980, water-level fluctuations, and water
movement in the Snake River Plain regional aquifer system,
Idaho and eastern Oregon: U.S. Geological Survey Hydrologic
Investigations Atlas HA-703, scale 1:500,000.

Mabey, D.R., 1982, Geophysics and tectonics of the Snake River
Plain, Idaho, in Bonnichsen, B., and Breckenridge, R.M.,
Cenozoic Geology of Idaho: Idaho Geological Survey, p. 139-
154.

Malde, H.E., 1965, Snake River Plain, in H.E. Wright, Jr. and D.C.
Frey, editors, The Quaternary of the United States: Princeton
University Press, p. 255-263.

Maupin, M.A., in press-a, Depth-to-water in the western Snake River
Plain and surrounding tributary wvalleys, southwestern Idaho
and eastern Oregon, calculated using water levels from 1980
to 1988: U.s. Geological Survey, Water-Resources
Investigations Report 90-XXXX.

24



Maupin, M.A., in press-b, Depth-to-water in the eastern Snake River
Plain and surrounding tributary wvalleys, southeastern Idaho,

calculated using water levels from 1980 to 1988: .5
Geological Survey, Water-Resources Investigations Report so-
4193.

Skrivan, J.A., and Karlinger, M.R., 1980, Semi-variogram
estimation and universal kriging program: U.S. Geological
Survey Computer Contribution, 98 p.

U.S. Geological Survey, 1987, Digital Elevation Models--Data users
guide 5: Reston, Va., U.S. Geological Survey, 38 p.

25




	Vulnerability Map
	Development of the Vulnerability Map
	Uses of Vulnerability Maps
	Limitations of Vulnerability Maps

	Future Goals
	Statewide Mapping
	Pilot Projects
	Field Verification

	References Cited
	Figures
	Figure 6.  Relative Groundwater Vulnerability map, Snake River Plain, Idaho
	Figure 7.  Graph showing the distribution of relative vulnerability ratings versus total acres within the Snake River Plain
	Figure 8.  Graph showing the distribution of vulnerability categories within the Snake River Plain
	Figure 9.  Comparison of data from the 1999 Statewide Monitoring Project to High and Very High Vulnerability Categories




